This paper reports the example of headspace mulberry paper bag micro solid phase extraction (HS-MPB-µ-SPE) as a new sampling method for the determination of volatile flavor composition of coriander seeds. Adsorption efficiencies between two configurations of mulberry paper bag were compared, and several parameters affecting the HS-MPB-µ-SPE were investigated and optimized. The optimized technique uses an adsorbent (Tenax TA, 0.1 mg) contained in a mulberry paper bag of front configuration where fine surface was outside, and minimal amount of organic solvent (0.6 mL). Linalool and γ-terpinene were found as abundant flavor compounds from coriander seeds. The limit of detection (LOD) and the limit of quantitation (LOQ) for linalool of major flavor in coriander seeds were 10.3 ng/mL and 34.4 ng/mL, respectively. The proposed method showed good reproducibility and good recovery. The HS-MPB-µ-SPE is very simple to use, inexpensive, requires small sample amounts and solvent consumption. Because the solvent for extraction is reduced to only a very small volume, there is minimal waste or exposure to toxic organic solvent and no further concentration step.
Introduction
The main purpose of this study is to develop a novel, simple, sensitive, reproducible, convenient for the field work, and low cost method that are applicable for extracting and measuring flavor components from coriander seeds. Coriander (Coriandrum sativum L.) is an annual herb belongs to Apiaceae (or Umbelliferae) and its seeds and leaves primarily used as a flavoring agent and a garnish in the cuisines of Southeast Asia, China, India, and Central America. Fresh coriander leaves have a bold taste that combines a strong sage flavor with sharp citrus notes. Coriander leaves, when crushed, give off an unpleasant odor like squashed bugs. According to the literature, 1 bug-like smell is caused by the trans-tridec-2-enale content. However, coriander seeds have no sage-like flavor at all, but a much more pleasant aroma like a lemony citrus flavor when crushed. 2 The brown-grey seeds of coriander are almost ovate globular. Coriander seeds have slightly pungent, sweet and spicy top note. It is also described as warm, nutty, spicy, and orange flavored.
Analyses of volatile composition from coriander seeds are already studied by steam distillation and/or supercritical fluid extraction combined with gas chromatography (GC) or gas chromatography/mass spectrometry (GC/MS). [3] [4] [5] [6] Very recently, we reported a new headspace sampling method called headspace mulberry paper bag micro solid phase extraction (HS-MPB-µ-SPE). [7] [8] The technique used only an adsorbent (Tenax TA) contained in a mulberry paper bag, and minimal amount of organic solvent. Korean handmade mulberry paper, Hanji, is made by traditional papermaking process from the strong bast fiber obtained chiefly from the phloem of Dak tree (mulberry, Broussonetia kazinoki Siebold & Zucc., moraceae family).
Generally, the adsorption of volatile molecules by passing through mulberry paper from headspace to adsorbent particles can be conducted by one of two ways: the front configuration from fine surface (outside) of mulberry paper to coarse backside (inside), and the reverse configuration from coarse backside (outside) to fine surface (inside). However, adsorption efficiencies between two configurations were not compared in our previous report.
In the present study, we found that the front configuration (where fine surface was outside) showed better efficiency than the reverse configuration. In the present initial work, the use of front configuration mode of Hanji bag in which contained Tenax TA adsorbent as a new headspace sampling for the characterization of flavor compounds from coriander seeds is proposed. Several parameters affecting the HS-MPB-µ-SPE combined with GC/MS for the analysis of flavor composition of coriander seeds were investigated and optimized. at 150 o C for 60 min in order to remove impurities. Headspace mulberry paper bag micro solid phase extraction (HS-MPB-µ-SPE). Schematic diagram of the experimental setup of a prototype mulberry paper bag (MPB) is shown in Fig. 1 . As seen in Fig. 1 -A, preparation of a Tenax TA -MPB consists of five steps: 1) A small piece of individually cut mulberry paper (10.5 cm, length × 4.5 cm, width) is used to make a MPB as a wrapper in which Tenax TA particles can be enclosed. 2) Purified Tenax TA adsorbent (ca. 100 mg) is obtained on a small sheet of mulberry paper. 3) Then a mulberry paper is folded twice upward and downward along lines made by folding, one folded part will be covered the other part to have them aligned. Tenax TA particles are wrapped inside three folding parts of a mulberry paper (10.5 cm, length × 1.5 cm, width) that overlapped one another with transverse rectangular shape. 4) The both edges are folded and beveled to make sure Tenax TA is enclosed in a mulberry paper. 5) Then, a longer side edge is folded twice again obliquely, and inserted into a gap between two folded parts so as to across each other. The bag edges are closed themselves without further staples or sewing. A small label is attached to a small pentagonal-shaped bag (ca. 2.5 cm, I.D. × 2 mm, thickness) of mulberry paper.
HS-MPB-µ-SPE procedure for GC/MS is illustrated in Fig.  1 -B. In the extraction step, coriander seed powders (ca. 1.2 g) and a MPB containing Tenax TA are obtained in a vial (50 mL) and the vial is hermetically sealed with a polytetrafluoroethylene (PTFE, Teflon) mini-nut cap. Volatile aroma compounds emitted from coriander seed powders are extracted by exposure of a small MPB to the headspace for 60 min at 40 o C. After adsorption, a MPB is removed from a sample vial and inserted immediately into a clean glass syringe barrel (10 mL, 1.5 cm I.D. × 9 cm long). And then, 0.6 mL of petroleum ether or other solvent is added very slowly drop by drop, the plunger is moved slowly backward and forward four times to elute the volatile aroma compounds collected in a MPB. Aliquots (0.2 µL) are analyzed by GC/MS without further treatment after the desorption step.
Gas chromatography conditions. GC analysis was carried out using Hewlett-Packard HP 5890 apparatus equipped with flame ionization detector (FID) and a 6% cyanopropylphenyl-94%-dimethylsiloxane copolymer ( 
Results and Discussion
Properties of mulberry paper and Tenax TA. Fig. 2 -A shows scanning electron microscope (SEM) images of Jeonju Hanji mulberry paper which were randomly collected in this experiment. SEM images were observed by field emission-scanning electron microscope (Hitachi S-4200, electro gun; cold cathode field emission electron source, accelerating voltage; 0.5 ~ 30 kV, 0.1 kV/step, magnification; 100× and 1000×). Thickness and weight of Hanji mulberry papers used are summarized in Table 1 . Bast fibers from the phloem of Korean mulberry tree have relatively long length (3 ~ 17 mm) and narrow wideness (13 ~ 42 µm). Cellulose, lignin, and pentosan are known as chief constituents of its fiber. As seen in Fig. 2 -A, there are a lot of fibers and micro-gaps between fibers. These micro-gaps have played an important role as possible pass ways to transport volatile molecules from outside of mulberry paper to inside and vice versa. According to the report, air or water vapor is possible to pass through Hanji mulberry papers (130 ~ 240 µm, thickness), and amounts of their water vapor permeation were 38.1 ~ 38.8 ․h. 9 Thus, window papers or wall papers made from Hanji mulberry paper control indoor humidity by water vapor permeation.
9-10 Interestingly, Hanji mulberry papers reduce considerable amounts of carbon dioxide, carbon monoxide, formaldehyde, and toluene in the indoor air by passing these gases through micro-gaps between fibers of mulberry papers. 9 Scanning electron micrographs (magnification: 150× and 50,000×) of Tenax TA (particle size 221 ~ 173 µm; 60/80 mesh) used in this study are shown in Fig. 2-B . The shape of Tenax TA particle is granular and available in a wide range of mesh sizes. Tenax TA is one of the hydrophobic commercial adsorbents. Tenax TA is a macroporous, semi-crystalline polymer manufactured from 2,6-diphenyl-p-phenylene oxide (DPPO). Pore sizes have been classified by IUPAC as macropores (> 50 nm diameter), mesopore (greater than 2 nm but less than 50 nm diameter), and micropores (< 2 nm diameter). Average pore size and pore volume of Tenax TA (60/80 mesh) are 200 nm and 2.4 mL/g, respectively. It has a relatively low density (0.25 g/mL) and a low surface area (about 35 m 2 /g). The relatively inert nature, high thermal stability (limit temperature; 350 o C) and rapid desorption kinetics of Tenax TA make it a very suitable adsorbent for the cold trap of thermal desorbers or for collecting of many volatile molecules from headspace of low concentrations. The tubes used to hold the adsorbent for thermal desorption are usually made of stainless steel or precision-bore borosilicate glass. In this study, mulberry paper has replaced of stainless steel or glass for headspace adsorption and solvent desorption.
Optimization of headspace mulberry paper bag-micro solid phase extraction (HS-MPB-µ-SPE).
Linalool is considered as a representative constituent of coriander seed flavors. The optimization of HS-MPB-µ-SPE was performed by GC-FID using stock solution of linalool as model compounds at a concentration of 1.0 mg/mL in petroleum ether. The chromatographic peak area of linalool was considered as analytical signal for optimization. Once the optimization has been completed, optimum value of a variable is fixed for further studies.
HS-MPB-µ-SPE procedure described in materials and methods section was carried out using four different Hanji mulberry papers listed in Table 1 . The mulberry paper showed no adsorption peaks of volatile compounds from coriander samples when control experiments carried out using only MPB without the Tenax TA. Therefore MPB itself has not adsorption properties. The peak areas for linalool (1 µg/µL) were compared. Jeonju Hanji (67.5 µm, thickness) among four papers showed best efficiency (highest peak area), as shown in Fig. 3 . A sheet of Jeonju Hanji mulberry paper is made up of the relatively fine surface and the coarse backside. The adsorption of volatile molecules by passing through mulberry paper from headspace to adsorbent particles can be conducted by one of two ways: the front configuration from fine surface (outside) to coarse backside (inside), and the reverse configuration from coarse backside (outside) to fine surface (inside). Adsorption efficiencies of linalool between two configurations were compared. Interestingly, the front configuration (where fine surface was outside) showed better efficiency than the reverse configuration ( Fig. 3 A and B) . In case of thinner Poongsan Hwaseonji (47.5 µm, thickness) for painting and calligraphy has a disadvantage too thin to avoid the tearing during the extraction process. Meanwhile, lighter and thinner Chinese Xuan paper (55.0 µm, thickness) showed lower peak area among four papers investigated. The Chinese Xuan paper made from Qintan tree bark is also well known as a painting paper in East Asian countries. Therefore, Jeonju Hanji mulberry paper was chosen to make a MPB for further studies, then paper was configured with caution so that Tenax TA particles are placed on the coarse backside of before wrapping.
According to our very recent study, 7, 8 Tenax TA was chosen as an adsorbent that must be included in the design of mulberry paper bag. Effect of Tenax TA (60/80 mesh) adsorbent mass on the peak area for linalool (1 µg/µL in petroleum ether) was investigated in the range of 10 mg ~ 150 mg. 100 mg of Tenax TA showed highest peak area, as shown in Fig. 4 . And it was also found that about 150 mg of Tenax TA is maximum mass which is containable within a sheet of Jeonju Hanji mulberry paper with defined size (10.5 cm × 4.5 cm). For these reasons, weight of Tenax TA to make a mulberry paper bag was fixed to 100 mg for further experiments. Selection of desorption solvent should be considered because Tenax TA is incompatible with many solvent systems. For example, in the case of chloroform, Tenax TA in a MPB was dissolved by chloroform and unable to extract practically. 7 A series of experiments were carried out to investigate the relative extraction efficiencies of petroleum ether, ethyl ether and n-hexane. Their efficiencies were compared based on the GC-FID peak area after HS-MPB-µ-SPE process for linalool. Petroleum ether showed the best extraction efficiency and therefore it was selected as the optimum solvent.
Influence of different volumes (400 µL ~ 900 µL) of solvent was evaluated. The extraction of linalool was almost satisfactory when a 600 µL volume of petroleum ether were employed. Relatively cleaner extracts were obtained using 600 µL of petroleum ether. All petroleum ether was absorbed by mulberry paper bag when 400 µL was used. The results showed decreasing of peak area when the volume of solvent is increased over 700 µL to 900 µL. This result suggests the signal could be decreased with the dilution of analyte.
Since only sub-mL of solvent is used, there is minimal waste or exposure to toxic organic solvent. In addition, this method allowed combining of extraction, enrichment, and clean-up in a single step.
The effect of the sample size in HS-MPB-µ-SPE and GC/MS of linalool was evaluated by extracting different amounts of the same coriander seeds sample. The peak area of linalool increased by increasing the sample size in the range of 0.9 ~ 1.2 g. However, almost constant plateau was observed in the range of 1.2 ~ 1.5 g. Therefore, 1.2 g was selected as sample size in HS-MPB-µ-SPE and GC/MS. Evaluation of the method performance. The optimized conditions were adopted in the validation of method. Ten points of concentration were tested in three replicates to plot calibration curve, these concentrations covered the concentration ranges expected for linalool in coriander seeds. Good linearity (y = 78.29x -1053) with squared correlation coefficient of r 2 = 0.9956 was obtained in the range of 34.4 ng/mL ~ 750.0 µg/mL of linalool by HS-MPB-µ-SPE and GC/MS. The limit of detection (LOD) and the limit of quantitation (LOQ) for linalool were very low of 10.3 ng/mL and 34.4 ng/mL , respectively. LOD and LOQ were calculated by 3 s/m and 10 s/m, respectively. Where, s is the standard deviation of the blank and m is the slope obtained in the calibration curve for linalool. Under the optimized conditions described above, the reproducibility of the proposed HS-MPB-µ-SPE method was 3.44% ~ 4.46% (RSD). In order to check the accuracy of the method, the technique of standard addition methods were used. Known quantities of linalool were spiked at five levels and in triplicate. The recovery for linalool was 93.68%.
Concentration factor. The overall extraction efficiency was evaluated by the relative concentration factor (CF) of the several characteristic components of coriander seeds. The CF was expressed by the following formula:
where, [C 1 ] is the concentration of analytes measured by HS-MPB-µ-SPE technique and [C0] is the initial concentration in the headspace. The CF values can be calculated by the ratio between the peak area (A1) of the analytes by HS-MPB-µ-SPE-GC-FID and the corresponding peak area (A0) obtained by static HS-GC-FID. Thus, the CF values can be expressed in terms of GC-FID signals:
In this case, [A0] was determined by injection of the sample headspace into the injection port of the GC-FID using a 10 mL Hamilton 1010RN gas tight syringe (Supelco). These comparative experiments were carried out using coriander seeds sample (1.2 g) in a 50 mL vial instead of standards to ensure that matrix effects are identical to those encountered during actual sampling.
Experimental CF values for several characteristic compounds of coriander seeds are given in Table 2 . CF values (mean value of three replicates) by HS-MPB-µ-SPE varied between 0.70 and 6.60. Application of HS-MPB-µ-SPE for the analyses of coriander seeds. The HS-MPB-µ-SPE technique without further cleanup steps was successfully applied to the analyses of the real samples. Three coriander seeds samples were analyzed by HS-MPB-µ-SPE and compared with another extraction method of HS-SPME. Fig. 5 shows typical total ion chromatogram (TIC) obtained by HS-MPB-µ-SPE for the volatile flavor components from coriander seeds samples. The peak numbers shown in Fig.  5 correspond to those indicated in Table 3 . Linalool and γ-terpinene were most abundant flavors of coriander seeds. Amounts of linalool were 364.0 ng/g for Chinese coriander seeds, 301.4 ng/g for Japanese, and 405.9 ng/g for Moroccan, respectively.
Conclusions
HS-MPB-µ-SPE using Tenax TA prior to GC/MS was newly developed for the determination of flavor components from coriander seeds. The new HS-MPB-µ-SPE technique is very simple to use, inexpensive, rapid, sensitive, and reproducible. The HS-MPB-µ-SPE can reduce significantly solvent consumption and sample size in the sample preparation. Because the solvent for extraction is reduced to only a very small volume (0.6 mL), there is minimal waste or exposure to toxic organic solvent. In addition, this method allowed combining of extraction, enrichment, and clean-up in a single step. HS-MPB-µ-SPE and GC/ MS is a promising technique of the measurement of volatile flavor compounds from spices.
